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event, optimal management of available resources are also of serious concern, especially when cutting-edge 
technologies are always being used in most of the modern professional sport setups. Actually the competitive 
athletics has been dramatically changed from a recreational or amateur-competitive atmosphere to an ultra-
professional set-up wherein success is being ensured by all means in the laboratories and products are being 
tested at the utmost level of challenging encounter (as in World Games or in the Olympics). Multiple interactions 
between salient physical, physiological, social and psychological factors contribute to produce excellence in 
sports behaviour; particularly those requiring faster reactions, which stem out of faster sensory processing and 
precise cognitive judgements that culminate in accurate and appropriate-most reactions. 
Numerous researches (Abernethy & Russell, [1]; McLeod [2]; Land & McLeod [3]; Penrose & Roach [4]; 
McRobert & Tayler [5]; Renshaw & Fairweather [6]) have postulated the role of accurate anticipation used by the 
elite players to minimize the reaction time delays inherent in every aspect of sport activity. But these researches 
have number of limitations (Müller et al. [7]), particularly most of those included only skilled players who did not 
have adequate international exposure, and more over these players were compared with the novices. 
The highly skilled players read and interpret complex situations quickly and initiate decisive action (Saha et al 
[8]; Saha et al [9]). In athletics, apart from reaction and movement time, accurate anticipation of relevant visual 
cues and the consequent whole body reaction seems absolutely essential to conceptualise different facets of expert 
performance (Togari and Takahashi [10] and Suzuki et al. [11]). Here we need to pay attention to the intricate 
processes that ensure accurate anticipation and mediate in faster reactions. Numerous studies pointed out the 
importance of ARAS only in controlling excellent reaction performance (Franken [12]), while a lot others pointed 
out the need for consideration into movement related motor coordination (Tenenbaum et al [13]) and others 
considered role of involvement of cortical and autonomic activation as cognitive-emotional mediator component 
as more important factor for concern (Saha et al [8]; Saha et al [9]). 
Authors of the present study on the contrary, are trying to point out to their concern over the methodological 
issues related to the assessment and analyses of the reaction performances in athletics. Apart from that, of vital 
importance is the question of whole-body reaction performance along with the simultaneous assessment of other 
correlated and influencing psychobiological mediators are also considered as the significant aspect of research 
interest. Introduction of few relevant psychobiological measures such as measures of tonic electrodermal activity 
as index of emotionality substantiated by the autonomic arousal modulation and the orienting activity in 
experimental models to fit in correlation analyses would provide the researchers with relevant information related 
to faster reaction performance toward achievement of performance excellence. To date, laboratory-based 
analytical researches incorporating objective and direct measures of performance that could be served as 
predictors of excellent reaction and movement performance, is scarce, and available researches are either not 
dealt with direct and objective measures, or done with variables which are detected as having source of 
multicolinearity, and hence are not capable of predicting process-related shared aetiology behind excellent 
reaction ability related to successful athletic performance. 
 
With such a background, the present study would focus on identifying- 
 
1. Whether perceptual discrimination ability judged by flicker threshold can predict changes in whole-body 
reaction ability in the athletes; 
2. Whether anticipation performances can predict changes in whole-body reaction ability in the athletes; 
3. Whether orienting amplitude can predict changes in whole-body reaction ability in the athletes; 
4. Whether autonomic regulation indexed by the tonic skin conductance can predict changes in whole-body 
reaction ability in the athletes; 
5. Whether orienting reflex indexed by the phasic skin conductance amplitude can predict changes in whole-
body reaction ability in the athletes. 
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2. Methodology 
 
2.1. Participants  
Three-hundred Fifty-one consistently high performing male athletes (aging between 19.9 and 21.9 years, mean 
age = 21.4 and SD = 1.54), selected as the National cadets by the respective selectors of the representing 
countries (Malaysia, Thailand and Indonesia) volunteered as the participants in this study. These athletes mostly 
reside and train in Malaysia, and they were representing their provincial teams and were selected by their 
respective National selectors (Senior National and the Selected Development Squad listed as potentially top-level 
athletes training for the ASEAN athletic events and with an ultimate goal of being selected for the 2012 London 
Olympics Games). 
Previous data were collected on the afore-mentioned players during a period of more than one and half years 
(since May 2010 up to the October 2011, mostly on the basis of available long-term record of their reaction 
ability judged in the laboratory of sport psychology in the Universiti Sains Malaysia - by employing the Precision 
Reaction and Movement Timer; Bassin Anticipation Timer and Whole-body Movement Timer – Lafayette 
Instrument Corporation, Illinois, USA 2001). Thus on the basis of the long-term records of psychological 
measures and on the basis of their pre-inclusion reaction performances, the inclusion criterion for the purpose of 
present study was set. 
 
2.2. Materials and Measures 
1. Reaction Movement Timer Apparatus (Lafayette Instrument Corporation, USA 2001) was used to assess 
both the visual and auditory reaction and movement time of the participants. 
2. Photocell Whole-Body Reaction and Movement Timer Apparatus (Lafayette Instrument Corporation, USA 
2001) were used to assess both the visual and auditory whole -body reaction time of the participants. 
3. Bassin Anticipation Timer (Lafayette Instrument Corporation, USA 2000) was used to assess the 
anticipatory reaction time of the participants. 
4. Critical Flicker Fusion Apparatus (Lafayette Instrument Corporation, USA 2000) was used to assess the 
descending flicker threshold of the participants as index of cortical activation related to perceptual 
discrimination. 
5. Skin Conductance Apparatus (Autogenic Corporation, USA 2000) was used to assess the extent of 
autonomic regulation as index of emotionality in the participants. 
2.3. Procedure 
Previous records of the reaction performances were available in the data bank with the researchers of the 
present study, and for all of the psychomotor (such as reaction and movement time- RT & MT; anticipation- 
BAT) and psychophysiological analyses of the present study (autonomic regulation using skin conductance 
activities- Sc and perceptual discrimination related cortical activation- CFF), all the participants were assessed in 
the laboratory of sport psychology in the Universiti Sains Malaysia, and for the simulated reaction performances 
(particularly related to the WRT), and assessments were done in the Sport Complex of the Universiti Sains 
Malaysia. WRT for the athletes were planned mostly simulating the relevant competitive situations, in which 
players were required display agile responses to some visual signal cues presented randomly, by diving laterally 
either to the left or right to strike a touch pad. Consistency in the agile-most reactions were considered as the data 
for the WRT performances. All of these assessments were done following standard procedures (methodology 
detailed in the Saha et al [9]). 
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The data were treated with PASW 18.0, for identification of the normality index and with present types of data 
multiple linear regression analyses were done. LISREL Path Regression analyses were done to identify how far 
the different psychophysiological variables (autonomic regulation and orienting reflex information obtained from 
skin conductance measures) contribute in the shared aetiology of excellence in reaction performance. 
 
 
3. Results 
 
 
Table - I LISREL Estimates (Maximum Likelihood) explaining interrelationships between different 
factors of performance and related psychobiological and psychological parameters. 
 
Structural Equations  Variance 
change 
Goodness of Fit Statistics 
GSR = 0.28*SYMVAG + 0.035*EXCELLEN 14% Root Mean Square Residual (RMR) = 1.12 
HR = - 0.63*SYMVAG + 0.0076*EXCELLEN 48% Standardized RMR = 0.25 
SYMVAG = 1.02*COGREF + 0.68*AGILITY + 0.047*EXCELLEN 67% Goodness of Fit Index (GFI) = 0.75 
COGREF = 0.12*EXCELLEN 11% Adjusted Goodness of Fit Index (AGFI) = 0.11 
AGILITY = 0.087*EXCELLEN 10% Parsimony Goodness of Fit Index (PGFI) = 0.21 
 
 
Table - II LISREL Estimates (Maximum Likelihood) explaining interrelationships between different 
psychobiological and psychological parameters predicting consistency in performance and excellence. 
 
Structural Equations  Variance 
change 
Goodness of Fit Statistics 
CONPERF = 0.23*GSR + 0.21*HR + 0.09*SYMVAG + 
0.41*COGREF - 0.13*AGILITY, 
36% Degrees of Freedom = 0 
Minimum Fit Function Chi-Square = 0.0 (P = 
1.00) 
EXCELLENCE = - 0.24*CONPERF + 0.32*GSR + 0.24*HR 
+ 0.44*SYMVAG + 0.61*COGREF + 0.11*AGILITY, 
14% Normal Theory Weighted Least Squares Chi- 
Square = 0.00 (P = 1.00) 
The Model is saturated, the Fit is perfect! 
 
4. Discussion 
 
Results of structural equations have consistently justified interrelationships between the psychophysiological 
(both cognitive and autonomic) measures and the created corroborative psychological explanatory behavioural 
phenomena observed in the athletes. 
Diagram I proposes how anticipation has put its influence on other psychobiological measures, which was 
further clear in the Diagram II, which depicts relationship between excellence in performance (EXCELLEN) with 
other measures. The table- 1 however explains the relative contribution of different psychobiological measures 
and the relative percentages of changes in the variance of performance excellence (Explanation of the Diagram II) 
were contributed by the aforementioned variables. Path analyses (Diagram –I) however depicts that, anticipation 
has direct influence on the Sympathovagal balance (SYMVAG), which in turn facilitates in agility, which has 
also been facilitated by the cognitive reflex (COGREF) of the athletes. Diagram II on the other hand explains 
about the positive influence of COGREF on SYMVAG, which was found to have both negative and positive 
relationships with HR and GSR respectively, revealing that higher Sympathovagal balance was associated with 
lower HR and higher GSR scores, which further contributed to the faster agility performances. Performance 
excellence was found directly related to the higher level of cognitive reflex and agility scores. Thus relative 
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contribution of the psychobiological variables on agility (derived from reaction scores) and ultimate performance 
excellence is estimated (Table – 1). 
 
 
 
 
Figure 1Diagram-I of Path regression reports showing possibility of direct and additive influence of the ability to anticipate on 
different psychological parameters. 
 
GSR = Galvanic Skin Resistance indices used as measure of autonomic arousal representing extent of emotional stability; HR = Basal 
heart rate used both as indices of cardiovascular efficiency and autonomic measure of emotionality as well; SYMVAG = 
Sympathovagal balance – index of emotional regulation; COGREF = Cognitive reflex or cognitive competence; Agility = Reaction time 
regressed from the movement timing; CONPERF = Consistency in performance (during practice) and EXCELLENCE = Performance 
excellence observed in actual competitive situations. 
 
Here it seems clear that contribution of anticipation on the agility is observed as mediated by the 
Sympathovagal balance and the role of both Sympathovagal balance and COGREF on the agility is also obvious 
from the path diagrams, but the contribution of the autonomic arousal; cognitive reflex (COGREF) and agility as 
a psychomotor variable on maintaining consistency in the performance and the resultant performance excellence 
(hereafter EXCELLEN) have not yet been explained. 
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Figure 2 Diagram-2 of Path regression reports showing possibility of direct relationship of performance excellence with 
various psychological parameters. 
 
 
Figure 2 Diagram-2 of Path regression reports showing possibility of direct and additive influence of various psychological 
parameters on performance measures. 
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Here it seems clear that contribution of anticipation on the agility is observed as mediated by the 
Sympathovagal balance and the role of both Sympathovagal balance and COGREF on the agility is also obvious 
from the path diagrams, but the contribution of the autonomic arousal; cognitive reflex (COGREF) and agility as 
a psychomotor variable on maintaining consistency in the performance and the resultant performance excellence 
(hereafter EXCELLEN) have not yet been explained. 
The Diagram III however is conceived to clarify the unexplained issues, which reveals the inter-relationship 
between the psychobiological and psychomotor variables have contributed both onto the performance measures. 
Cognitive reflex and GSR scores are found directly related to both consistency factor and the performance 
excellence itself, while cardiovascular efficiency has put influence on EXCELLEN, mediated through the 
consistency factor, revealing that while higher cognitive reflex and autonomic efficiency (GSR) can directly 
ensure both consistency and excellence in performance, higher cardiovascular efficiency alone can only ensure 
consistency on performance, which in turn may contribute in ensuring excellence in athletic performance. 
In sum it could be suggested that, the combined aspects of psychomotor and psychobiological measures could 
be employed as predictors for athletic performance excellence, and anticipation could facilitate in agility which in 
turn may get facilitated by the cognitive reflex. Thus findings of this study get supports from those of Abernethy 
and Russel [1]; McLeod [2]; Muller, Abernethy & Farrow [7], and Weissensteiner et al. [14] who pointed out the 
significant role of anticipation on reaction ability and significance of perceptual measures such as reaction ability, 
anticipation, bimanual coordination etc on predicting performance excellence. Further to that, this study has also 
focused on the significance of dispositional emotionality and cognitive reflex evaluated by the psychobiological 
measures in ensuring more alert –engagements and field-relevant searching for attentional cues. This could result 
in high attentional control, alertness and adequately effective coping skills, which could ensure performance 
excellence and high-orientations to achievement of successes (Nideffer, [15]; Saha et al. [8]; Saha et al. [9], and 
Saha et al. [16]). We expect that, this methodological attempt would encourage further research in this field of 
study and would stimulate replication studies following similar types of structural analyses, and eventually would 
be able to explain corroborative psychological attributes for several other physiological parameters related to 
successful sports performance. 
 
5. Conclusion 
 
 Perceptual discrimination ability judged by flicker threshold was evident as capable of predicting changes 
in whole-body reaction ability in the athletes; 
 Anticipation performances were observed to predict changes in whole-body reaction ability in the athletes; 
 Autonomic regulation indexed by the tonic skin conductance was observed as potential predictor of 
changes in whole-body reaction ability in the athletes; 
 Orienting reflex indexed by the phasic skin conductance amplitude was evident as contributing to changes 
in whole-body reaction ability in the athletes. 
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